Sensitization of tumor cells to ribotoxic stress-induced apoptotic cell death: a new therapeutic strategy.
We describe a procedure that sensitizes chemotherapy-and tumor necrosis factor-resistant human tumor cell populations in vitro and in nude mouse transplants to the immediate triggering of high rates of cell death by anisomycin, an agent causing activation of stress-activated protein kinases [SAPKs, as defined by P. Cohen (Trends Cell Biol., 7: 353-361, 1997)] including p38/RK and c-jun NH2-terminal kinase homologues, following its binding to ribosomal 28S RNA (M. S. Iordanov et al, Mol. Cell. Biol., 17: 3373-3381, 1997). Sensitization is effected by successive application of an inhibitor of histone deacetylation (trichostatin A, butyrate) and of flavopiridol, known as an inhibitor of cyclin dependent kinases and evaluated presently in clinical trials. Effective concentrations of anisomycin, flavopiridol, and trichostatin A are in the submicromolar range. Tumor cell death can be prevented by epidermal growth factor (EGF), if added before flavopiridol or after anisomycin but not if applied between the additions of these agents, suggesting that flavopiridol interrupts an EGF-activated survival pathway and that anisomycin, besides triggering cell death, guards this pathway against the interference by flavopiridol. In contrast to EGF, dibutyryl-cAMP exerts protection that is flavopiridol-insensitive. For triggering cell death, anisomycin cannot be replaced by DNA- or mitotic spindle-targeted drugs in this system. The present findings, that a combination of transcriptional and signal transduction-targeted modulators sensitizes tumor cells synergetically to stress-mediated triggering of cell death and that ribotoxic stress is more efficient in this respect than genotoxic or spindle-targeted stress, bear important implications for the therapeutic exploitation of cellular stress responses. The stepwise sensitization and triggering of cell death in the present system allow separate analysis and manipulation of processes contributing to cellular death susceptibility and of the mechanism responsible for triggering cell death, thus providing the operational basis for further development of this therapeutic approach.